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Background 
Our conception and preference for a particular mathematics education theory invariably 
influences our choice of research questions as well as our theoretical framework in 
mathematics education research. Our theoretical alliances also influence the content of 
university level mathematics education courses.   
In recent years, the mathematics education research field has been criticized for its lack 
of focus, its diverging theoretical perspectives, and a continued identity crisis (Steen, 1999). At 
the dawn of this new millennium, the time seems ripe for our community to take stock of the 
multiple and widely diverging mathematical theories, and chart possible courses for the future. 
In particular, we need to consider the important role of theory building in mathematics 
education research.  
Stokes (1997) suggested a new way of thinking about research efforts in science, 
one that moves away from the linear one-dimensional continuum of "basic, to applied, to 
applied development, to technology transfer." Although this one-dimensional linear 
approach has been effective, Stokes argued that it is too narrow and does not effectively 
describe what happens in scientific research. In, Pasteur's Quadrant, Stokes proposed a 
2-dimensional model, which he claimed offered a completely different conception of 
research efforts in science. If one superimposes the Cartesian co-ordinate system on 
Stokes’ model, the Y -axis represents "pure" research (such as the work of theoretical 
physicists) and the X-axis represents "applied" research" (such as the work of inventors). 
The area between the two axes is called "Pasteur's Quadrant" because it is a combination 
(or an amalgam) of the two approaches. If we apply Stokes’ model to mathematics 
education research, we need to clearly delineate what is on the Y-axis of Pasteur's 
quadrant if we are to call our field a science.  
Although we have made significant advances in mathematics education research, the role 
of theories and theory development remain in need of attention from mathematics educators. 
The purpose of this Forum is to stimulate critical debate in the area of theory use and theory 
development, and to consider future directions for the advancement of our discipline. Issues 
for consideration include: 
1. What is the role of theory in mathematics education research?  
2. How does Stokes (1997) model of research in Science apply to research in mathematics 
education? 
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3. What are the currently accepted and widely used learning theories in mathematics 
education research? Why have they gained eminence?  
4. What is happening with constructivist theories of learning?  
5. Embodied cognition has appeared on the scene in recent years. What are the 
implications for mathematics education research, teaching, and learning?  
6. Theories of models and modelling have received considerable attention in the field in 
recent years. What is the impact of these theories on mathematics research, teaching, 
and learning? 
7. Is there a relationship between researchers’ beliefs about the nature of maths and their 
preference for a particular theory?  
8. Where are we heading in the development and application of theories in maths 
education research? What is required to propel maths education forward?  
  
There are multiple, varied viewpoints that constitute the background of the above 
issues. One plausible explanation for the presence of multiple theories of mathematical 
learning is the diverging, epistemological perspectives about what constitutes 
mathematical knowledge. Another possible explanation is that mathematics education, 
unlike “pure” disciplines in the sciences, is heavily influenced by cultural, social, and 
political forces (e.g., D'Ambrosio, 1999; Secada, 1995; Skovsmose & Valero, 2002). 
Mura’s (1998) survey of mathematics educators in Canadian universities indicated that 
Piaget, Dienes, and Bruner were among the most frequently cited theorists. This may 
indicate a preference for cognitive learning theories over social learning theories, but 
could also be attributable to geographic location.  
According to Lerman (2000), the switch to research on the social dimensions of 
mathematical learning towards the end of the 1980s resulted in theories that emphasized a 
view of mathematics as a social product. Social constructivism, which draws on the 
seminal work of Vygotsky and Wittgenstein (Ernest, 1994) has been a dominant research 
paradigm ever since. There is also confusion as to whether social constructivism is a 
cognitive position or a methodological perspective or both. (Noddings, 1990; Ernest 
1991). On the other hand, cognitively oriented theories have emphasized the mental 
structures that constitute and underlie mathematical learning, how these structures 
develop, and the extent to which school mathematics curricula should capture the essence 
of workplace mathematics (e.g., see Stevens, 2000).  
A recent ‘alternative’ cognitive perspective on the nature of mathematics is that of 
"mind-based mathematics" (Lakoff & Nunez, 2000). This view suggests that mathematics 
is a product shaped by human brains, societies, and culture. Lakoff and Nunez’s (2000) 
concept of “the embodied mind” maintains that the body and brain together with 
everyday experiences structure our conceptual systems.  By adopting the perspective of 
embodied mathematics, Lakoff and Nunez argue that mathematics can be made more 
accessible and comprehensible to learners provided they are made aware of how 
mathematical ideas are shaped (i.e., via "conceptual metaphors"). Social constructivists 
have been quick to argue that social interaction is a necessary condition in this embodied 
conception of mathematics.  
Underlying these varying perspectives is a particular belief on the nature of mathematics 
itself, which, one could argue, mathematics education researchers do not openly declare. For 
example, the social constructivists’ preference for Lakatos’ (1976) vision of mathematical truth 
as being subject to continual revision over time suggests a fallible and non-Platonist viewpoint 
about mathematics; this is in contrast to the Platonist viewpoint, which views mathematics as a 
unified body of knowledge with an ontological certainty and an infallible underlying structure. 
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von Glasersfeld (1984) interpreted the function of cognition as an adaptive mechanism that 
helped one organize the experiential world, not the discovery of an objective, ontological 
“mathematical” reality. Piaget, on the other hand, hypothesized that there was an “ideal” 
isomorphism between cognitive mental structures and mathematical structures (Beth & Piaget, 
1966). Further work is needed to shed light on the relationship between the beliefs of 
mathematics education researchers about the nature of mathematics and their preference for a 
particular theory.   
 The proposed Forum aims to stimulate critical debate on the various issues that have 
been addressed above. Within the current intellectual climate, we consider it timely for PME 
members to have this opportunity to share and debate their viewpoints, which we believe will 
sow seeds for significant advancements in our discipline. We are looking towards publishing 
the outputs of our Forum.  
The following researchers will participate in the Forum.   
Frank Lester (Indiana University, USA) 
Stephen Lerman (Southbank University, UK) 
Luis Moreno Armella (CINVESTAV-IPN, Mexico City) 
John Pegg (University of New England, Australia) 
Richard Lesh (Indiana University, USA) 
Lyn English (Queensland University of Technology, Australia) 
Bharath Sriraman (The University of Montana, USA) 
Günter Törner (Duisburg-Essen Universität, Germany) 
 
Proposed Structure of the Forum 
First 90-minute session 
Welcome and introduction to the theme of the Forum and the structure of the two 
sessions: Lyn English and Bharath Sriraman (5 mins) 
  
Key researcher 1: Frank Lester (15mins) 
Frank Lester will discuss the reasons why theories are essential to the work of 
mathematics educators. In doing so, he will discuss Pasteur's quadrant (as described by 
Stokes, 1997), which will help us think about why theory development is so important.  
Lester will also address possible reasons for why some researchers either ignore or 
misunderstand/misuse theory in their work.  
 
Key researcher 2: Stephen Lerman (15mins) 
Steve Lerman will discuss mathematics education as a social science. In doing so, he will 
address the social turn in our field and sociological perspective on mathematics 
education, over time. 
 
Key researcher 3 Luis Moreno Armella (15mins) 
Luis Moreno Armella will explore education and mathematics from the viewpoint of an 
epistemology and theory of cognition that makes sense in the modern world of 
"natural-born cyborgs."  He will consider the evolution of cognition and the importance 
of semiotic systems along this process, including modern technologies.  
 
Critical Dialogue from Forum participants (40 minutes) 
During this period, Forum participants (key researchers and audience) will share critical 
dialogue on the issues raised by Frank Lester and Steve Lerman. Depending on the 
audience size, this may be done as a whole group or in smaller discussion groups.   
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Summing up of first session (5 mins) 
A summary of the main outcomes of the first session will be given by Bharath Sriraman.  
 
Second 90-minute session 
Key researcher  4: John Pegg (15 mins)  
John Pegg will reflect on neo-Piagetian formulations such as SOLO or Case as a learning 
hierarchy and assess where they stand in the current climate of research in mathematics 
education. Different theories will be brought together with the aim of delineating 
similarities and differences. An attempt will be made to move beyond these theories and 
to address some fundamental questions in learning. 
 
Key researchers 5 and 6 : Richard Lesh and Lyn English (15 mins) 
Richard Lesh and Lyn English will address models and modelling perspectives on 
mathematical problem solving, learning, and teaching.  
 
Key researchers 7 and 8: Bharath Sriraman and Günter Törner (15 mins) 
Bharath Sriraman and Günter Törner will critically survey European mathematics 
didactics traditions. They will compare and contrast European mathematics didactics 
developments (particularly those in Germany) to historical trends that have occurred in 
other parts of the world.   
 
Critical Dialogue from Forum participants (30 minutes) 
Participants will debate issues raised by the above researchers.  
 
Reflections and discussion of future actions (15 mins)  
Lyn English and Bharath Sriraman will summarize the main outcomes of the Forum and 
lead an audience discussion on future directions for theory development. 
 
Prior Reading 
Each of the researchers will supply a short paper outlining the main points of their talk. It 
is anticipated that this can be made available on the PME Website prior to the conference.  
Conference Proceedings 
Following an introduction by English and Sriraman, each of the researchers will present a 
synopsis of their main points. A concluding section by English and Sriraman will address 
issues raised by the audience in response to the researchers, together with future 
directions for theory use and development.  
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